Evidence from animal models suggests that natural killer (NK) cells can be important players in the development of type 1 diabetes, although data in humans are still sparse. We studied the frequency and activation state of blood NK cells at different stages of human type 1 diabetes, and whether genetic or phenotypic NK cell peculiarities could be associated with an early onset of diabetes. The onset period is marked by a slight reduction in blood NK cells, but these are unusually activated in some patients (␥-interferon expression). This activation status does not correlate, however, with a particularly young age at onset. In contrast, NK cells in patients with long-standing type 1 diabetes had a markedly lower expression of p30/p46 NKactivating receptor molecules compared with those of control subjects. A slightly decreased expression of NKG2D in all type 1 diabetic patients relative to control subjects was observed, independent of the duration of disease, parallel to prior observations in the NOD mouse. Finally, type 1 diabetic patients had an increased frequency of KIR gene haplotypes that include the activating KIR2DS3 gene, with a genetic interaction between the KIR and HLA complexes. The reduced activation of NK cells in individuals with long-standing type 1 diabetes would seem to be a consequence rather than a cause, but other peculiarities may relate to type 1 diabetes pathogenesis. Diabetes 56: 177-185, 2007
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Natural killer (NK) cells are potentially involved in this complex process, given their ability to kill target cells and to interact with antigen-presenting cells and T-cells (4 -6) . Indeed, NK cells can lyse islet cells in vitro (7, 8) . Because NK cells are a major source of ␥-interferon, a key proinflammatory cytokine, a plausible hypothesis is that their pathophysiological impact on diabetes is to modulate the aggressiveness of the immune attack and the rate of progression from insulitis to overt diabetes. On the other hand, there have been conflicting reports on their direct role in vivo in animal models. A pathogenic role of NK cells in islet destruction was initially suggested from antibody depletion studies (9, 10) , but the specificity of the reagents was later questioned (11) . A pathogenic role for these cells has more recently been supported in several contexts: in a model of coxsackievirus-induced autoimmunity, where NK cells were important for disease progression (12) , and in a T-cell receptor transgenic model, where a higher frequency of NK cells was observed in conditions of aggressive insulitis (resulting from genetic variation or costimulatory blockade), a direct pathogenic role being supported by antibody blockade (13) . On the other hand, it has been suggested that NK cells may play a role in the protection afforded by complete Freund's adjuvant in NOD mice (14) .
In addition, there are indications that the NOD mouse has an unusual genetic composition in the genomic regions that condition NK activity. Ogasawara et al. (15) reported that the NKG2D receptor is underexpressed in NOD NK cells because of the overexpression of its Rae-1 ligand, and many of the NK inhibitory receptors are differentially expressed in NOD relative to control C57BL/6 mice (13). Indeed, these genetic particularities contribute to an overall low activity of NK cells in NOD mice (16, 17) . This defect might, at first, appear in contradiction with a positive role of NK cells in promoting rapid and aggressive diabetes until one realizes that NOD mice have been selected over generations for a susceptibility to breakdown of T-cell tolerance, but at the same time, for a slow progression to diabetes, compatible with reproduction and continuity of the line. Overall, a delicate balance in the frequency and function of NK cells may be necessary to avoid type 1 diabetes, and possibly other autoimmune conditions (6) .
Data on NK cells in human type 1 diabetes remain sparse. In the 1980s, a few groups investigated the number and activity of NK cells in individuals with type 1 diabetes, often with conflicting results (18 -23) . However, small study groups were often involved, the antibodies used to identify NK cells were limited and lacked specificity, and NK cell function was assessed by cytotoxicity on tumor targets, an incomplete reflection of the entire NK pool. Some studies suggested a numeric deficiency of NK cells in the peripheral blood of patients with type 1 diabetes (18, 21) or a functional abnormality (18, 24) . In some of these cases, there were permanent numeric and/or functional deficits (20, 23) , whereas in others, transitory abnormalities were associated with the stage of disease (18, 24) .
The aim of this study was to investigate possible abnormalities in the frequency or activation state of NK cells in the peripheral blood of patients with type 1 diabetes, especially around the onset of diabetes. Given the role of NK cells in determining the aggressiveness of insulitis in animal models, we hypothesized that NK cells might appear more activated around the time of diabetes onset, or that patients presenting with type 1 diabetes at a very young age might have NK cell characteristics different from those of patients diagnosed during adolescence.
RESEARCH DESIGN AND METHODS
A total of 197 individuals enrolled in the Diabetes in the Adolescents and the Very Young (DAVY) study were tested in this cross-sectional analysis. Diagnosis of type 1 diabetes was based on clinical presentation according to World Health Organization criteria. Informed consent was obtained from all subjects. The protocol was approved by the Joslin Diabetes Center and Children's Hospital Boston institutional review boards (CHS 02-15 and 04-09-125). Flow cytometry. Immunostaining was performed in 100-l aliquots of fresh peripheral blood collected in sodium citrate tubes with isotype-matched negative control monoclonal antibodies (reagents are listed in supplemental Table S1 , which can be found in the online appendix [available at http:// diabetes.diabetesjournals.org]). Samples were analyzed using a MoFlo with Summit 3.0 software (Cytomation). The cutoff for CD56 positivity was based on isotype plus streptavidin control staining. A minor population of CD3 Ϫ CD16 Ϫ cells with very low CD56 staining intensity, also expressing NKp46/NKp30 and NKG2D, was identified in most cases and was included in the NK cell counts. The mean fluorescence intensities (MFIs) for markers was corrected for background (based on isotype control staining for NKp30/46 or unstained cells for NKG2D). All data analyses were performed in a blinded fashion. RNA preparation, amplification, and labeling. Peripheral blood lymphocytes (2-4 ϫ 10 6 ) were obtained by density gradient centrifugation in CPT tubes (Becton Dickinson), and NK cells were positively selected by magnetic sorting with anti-CD56 -conjugated beads. The selected cells (2-4 ϫ 10 5 , Ͼ85% CD56 ϩ ) were lysed in 1 ml of TRIzol for RNA isolation, and 1-4 g RNA was reverse-transcribed. ␥-Interferon (IFN-␥), tumor necrosis factor-␣ (TNF-␣), and perforin mRNA levels were measured (using ␤-actin as a standard) by quantitative real-time RT-PCR (probes listed in supplemental Table S2 ). 2 ⌬⌬CT calculations were used to estimate relative expression levels. DNA genotyping. Genotyping for single-nucleotide polymorphisms (SNPs) in type 1 diabetes susceptibility loci or KIR genes was performed by fluorogenic PCR (primers and probes in supplemental Table S2 ). Statistical analysis. We used 2 and Mann-Whitney U tests to compare variables between groups. Spearman's correlation and Kruskal-Wallis tests were used for association (all two-tailed, ␣ ϭ 0.05). Linkage disequilibrium among alleles was assessed by Mattiuz's ⌬ formula, which is based on 2 ϫ 2 tables of the presence/absence counts for the alleles of interest (25) .
RESULTS
Characteristics of the study groups. The entire study population consisted 197 individuals: 50 with recent-onset type 1 diabetes, 83 with long-standing type 1 diabetes, and 64 control subjects apparently free of autoimmune or metabolic diseases (control group). Patients in the recentonset group were tested within the 1st month after diagnosis; long-standing disease was defined as type 1 diabetes of duration Ͼ1 year. Subjects with clinical evidence of infection or acute diabetic ketoacidosis (DKA) were excluded from the analysis. To test whether NK cell parameters might affect the age of onset, we weighted the recruitment for two main subgroups of age at onset: 1) diagnosis before 6 years of age (n ϭ 19 and 40 in recent-onset and long-standing groups, respectively) and 2) diagnosis between 10 and 15 years of age (n ϭ 23 and 24). Care was taken to standardize the acquisition and processing of blood samples.
The main clinical and epidemiological characteristics of the study group are shown in Table 1 . Although longstanding and control groups were age-matched, recentonset patients were younger on average. As expected, recent-onset patients showed higher A1C levels than those with established disease. The proportion of overweight individuals was highest among patients with long-standing type 1 diabetes than in other individuals. The long-standing group was also the only one to include a proportion of patients with other concomitant autoimmune diseases (18 of 83) and/or diabetic nephropathy (11 of 83, with normal serum creatinine in all cases). These differences were tested as covariates during the analyses reported below, but they had no specific influence.
We also characterized these individuals by genotyping for a panel of genetic susceptibility alleles in established or candidate type 1 diabetes susceptibility loci as well as at (2), and hypoparathyroidism (1); †micro-and macroalbuminuria in 8 and 3 case subjects, respectively (renal function intact in all); ‡defined as BMI Ͼ85th percentile for individuals younger than 20 years and Ͼ27 kg/m 2 Ն20 years of age.
HLA genes. As expected, the HLA loci showed a strong association, in particular for the DQB1*0302 and DQB1*0201 alleles (and DRB1*03 and DRB1*04, with which the DQB1 alleles are in linkage disequilibrium), as did the R620W SNP at the PTPN22 locus (supplemental Table S3 (Fig. 1A and B) . Two NK cell subsets can be recognized in the blood (peripheral blood). The vast majority express moderate levels of CD56 and high CD16 (CD56 low /CD16 ϩ NK cells), whereas a minor fraction is CD56 bright and lacks expression of CD16. The CD56 low /CD16 ϩ subset has strong cytotoxic potential, whereas the CD56 bright subset has a greater ability to produce cytokines. These subsets were distinguished as shown in Fig. 1B , and a total NK cell count was also recorded. Counting gates were based on control staining with irrelevant antibodies.
A small but distinct reduction in NK cell frequency was found in patients with recent-onset diabetes in comparison with the other groups (Fig. 2) . Age-matched comparisons were similar, indicating that the differences were not attributable to the average younger age of the recent-onset patients (not shown). A tendency toward an inverse correlation between A1C and percent NK cells was observed in recent-onset patients (R ϭ Ϫ0.417, P ϭ 0.007), but the deficit in NK cells was not merely a consequence of the loss of glucose control because there was no correlation between A1C and percent NK cells in long-standing patients (not shown). No significant difference was observed between the three groups in the repartition of the CD56 high /CD16
Ϫ and CD56 low /CD16 ϩ NK cell subsets. No association was found between NK cell frequency and the duration of symptoms preceding diagnosis of diabetes, the frequency of DKA, or any of the other clinical characteristics (supplemental Table S4 ). These observations suggest that the onset of type 1 diabetes correlates with a slight reduction in circulating NK cells and that this reduction is more marked when there is a greater metabolic impairment.
The status of NK cells was then determined. Surface expression of the NK-activating receptors (NCRs) NKp46 and NKp30 (also known as NCR1 and NCR3), known to correlate with NK cell cytotoxic capacity (26, 27) , was quantitated by flow cytometry (expression of the acute activation markers CD69 and CD44 was also tested in the first 50 samples, but levels little different from background were observed in blood NK cells, and these markers were not investigated further). In addition, we used quantitative real-time PCR (RT-PCR) to measure in purified NK cells the mRNA levels for IFN-␥, TNF-␣, and perforin, key effector molecules of activated NK cells. Several points emerged (Fig. 3) , as described below.
First, NK cells in the recent-onset group showed the widest scatter of IFN-␥ expression levels, with values in five individuals that were unmatched in any of the longstanding or control individuals (highlighted in Fig. 3A) . Interestingly, these elevated IFN-␥ values were not associated with particularly high NK cell numbers or expression of the NKp46 marker. Careful analysis of the clinical and biological data did not reveal any features characteristic of this standout group of patients (e.g., no evident difference in age, age of diabetes onset, duration of prodromic symptomatology before diagnosis of DKA, prior or concomitant infections, therapeutic regimen, or balance of NK cell subsets).
Second, NK cells from long-standing patients, although comparable in number with those from the other groups, displayed fewer hallmarks of activity than NK cells from control subjects or recent-onset individuals. This differ- ence was particularly clear for the NKp46 activation receptor (mean MFI 11.7 Ϯ 7.6 for long-standing vs. 18.3 Ϯ 10.5 and 21.9 Ϯ 11.5 for recent-onset and control groups, respectively; P Ͻ 0.0001) (Fig. 3A) . The lower expression of surface activating receptors in the long-standing group also applied to NKp30 (3.7 Ϯ 3.2 vs. 6.8 Ϯ 6.4 and 7.1 Ϯ 7.5, P Ͻ 0.001) (Fig. 3B ). The differences in p46 and p30 expression were equally true of the CD56 bright CD16 Ϫ and CD56 low CD16
ϩ NK cell populations (data not shown). A divergence in IFN-␥ expression was also readily detectable (median 0.056 in long-standing vs. 0.15 and 0.3 in recentonset and control groups, respectively; P Ͻ 0.001). Longstanding patients also showed reduced mRNA levels for perforin, a molecule directly involved in the lysis of target cells by NK cells, although the reduction was more subtle in this case (median 1.8 in long-standing vs. 2.7 and 3.05 in recent-onset and control groups, respectively; P ϭ 0.023) (Fig. 3C) . TNF-␣ expression was similar in all three groups (P ϭ 0.65). No correlation was found between the expression of any of these markers and the duration of diabetes, indicating that the reduction in NK cell activation appeared within a year or so of disease onset. No significant differences were found between the recent-onset and control groups for any of the variables. All of the abovecited results were maintained when stratified by age; thus, the difference in age between the recent-onset and longstanding groups did not seem to interfere with the results.
Lastly, we assessed whether the differences in NK cell activation receptors could be explained by any clinical characteristic, such as a diabetic complication or obesity. Even though overweight individuals were more frequent in the long-standing group, no relationship was found between NK cell status and the BMI percentile, the incidence of diabetic nephropathy, or other concomitant autoimmune diseases (supplemental Table S3 ). NK cell parameters versus age at onset of type 1 diabetes. Evidence from studies on animal models suggested that high numbers of NK cells might lead to faster progression from insulitis to overt type 1 diabetes. Thus, we asked whether the same might apply in humans, in particular whether type 1 diabetic patients with very early disease onset might be characterized by a higher NK cell activity. To address this issue, we compared the frequency and activation of NK cells in very early onset individuals (Ͻ6 years of age) and in patients diagnosed during adolescence (10 -15 years of age). No difference in NK cell number was found between the two age-at-onset subgroups, either when all diabetic patients were considered as a whole, or when the recent-onset or long-standing groups were considered individually ( Fig. 4A and supplemental Table S4 ). Likewise, NK cell status did not differ between the two subgroups, with a similar surface expression of the activating receptors NKp46 and NKp30 and similar levels of IFN-␥ and perforin RNAs (Fig. 4B and data not shown). Thus, peripheral blood NK cell number and status did not seem to be associated with the appearance of type 1 diabetes at a very young age (Ͻ6 years of age). Generic differences between type 1 diabetic patients and control subjects. Finally, we found that differences in certain NK cell parameters generally differentiated type 1 diabetic patients from unaffected control subjects, irrespective of disease stage or age of onset. Ogasawara et al. (15) have demonstrated that activated NK cells of NOD mice display low levels of the activating receptor NKG2D (also known as Klrk1); this difference was traced to an induction of NKG2D ligands in NOD cells, leading to receptor modulation. To determine whether this phenomenon also occurred in humans, we compared the surface expression of NKG2D in type 1 diabetic patients and control subjects. We did observe a lower expression of NKG2D in patients relative to control subjects (P ϭ 0.005) (Fig. 5) . In contrast to the differences in the NKp30 and NKp46 markers, the NKG2D divergence was independent of disease duration (Fig. 5B) . We tested for an association between haplotypes at the Klrk1 locus and these expression parameters, using SNP combinations described by Hayashi et al. (NKG2D.4 and NKG2D.11) (28). The genotypes observed fit the expected distribution, but there was no sign of association between these genotypes or haplotypes and type 1 diabetes status, or with NKG2D levels (supplemental Table S. 3), suggesting that the modulation of NKG2D might be an indirect effect, as in the NOD mouse (15) .
NK cell effector function is controlled by the balance of cell surface receptors of the KIR family, many of which map together in a large complex on chromosome 19 (29) . KIR genes all share a great degree of sequence similarity, but they differ in the presence of activating or inhibitory signaling motifs in their intracytoplasmic tails. Genes of the L type carry ITIMs (immunoreceptor tyrosine-based inhibition motifs) that contribute to inhibitory signaling, whereas S-type genes can pair with the activating adapter DAP12. There is extensive polymorphism among KIR haplotypes, which differ by the number and organization of the KIR genes (30) . Some genes are present in all haplotypes (so-called framework genes), whereas others are only found in a subset of haplotypes. Because the very close similarity between KIR genes greatly complicates the analysis, the exact composition of KIR haplotypes in humans remains incompletely charted to date. Two large classes have been defined, the A and B haplotypes (30) . Genes encoding inhibitory receptors predominate in the A class, whereas two or more activating KIR genes are present in the B class. To begin to assess the distribution of KIR haplotypes in the subtypes of patients, we assayed the presence or absence of a few representative genes: KIR2DL1, KIR2DS2, KIR2DS3, and KIR3DS1, using a novel fluorogenic (TaqMan) real-time PCR assay. 2DL1 is present in both classes of haplotypes; 2DS2, 2DS3, and 3DS1 are characteristic of B haplotypes. We also developed assays for two SNPs in exons of KIR2DL4, a polymorphic framework gene shared by A and B haplotypes.
As shown in Fig. 6 , little difference in the distribution of KIR genes was found between patients and control subjects for these markers, with the exception of the 2DS3 gene, an activating KIR gene present in B haplotypes, which was found in 36.6% of cases but only 21% of control subjects (P Ͻ 0.03, uncorrected for multiple testing). 2DS2 was also more common in case than in control subjects, although the difference failed to reach significance (63.6 and 50% positive, respectively; P Ͻ 0.09), similar to a previous report (31) . Case subjects were also more likely to bear two or more activating receptors among 2DS3, 2DS2, and 3DS1 (41.5 and 29.1%, respectively; P ϭ 0.10). No association was observed with the 2DL4 SNP. We attempted to fit the genotypes according to the haplotype classification of Hsu et al. (32) , and, although this analysis confirmed the overrepresentation of B haplotypes among case subjects, no finer description could be reached because of the difficulty of unambiguously assigning haplotype structure from presence/absence genotypes.
To evaluate the significance of the suggestive association of 2DS3 with diabetes, we genotyped an extended set of samples from 427 type 1 diabetic case subjects and 209 control subjects (samples collected within a larger type 1 diabetes candidate gene study) (W.B. and M. Roy, unpublished observations). In this cohort, the same trend was observed but did not reach significance (29 and 24% 2DS3 ϩ individuals among case and control subjects, respectively; P ϭ 0.25).
We then tested for combinatorial association between KIR genes and some known diabetes susceptibility loci.
No interaction was observed with the PTPN22 R620W or INS Ϫ23 SNPs (not shown), but the presence of 2DS3 was strongly skewed according to HLA haplotype. As illustrated in Table 2 , 2DS3 ϩ individuals carried the DR3 allele less often than expected from the single-allele frequencies (43.8 vs. 58.7%), whereas the majority of DR3 ϩ individuals were 2DS3 Ϫ (Mattiuz' ⌬ ϭ Ϫ0.06, P ϭ 0.009). A bias was also observed in the control subjects, suggesting that coupling of DR3 and 2DS3 might generally be disfavored (30, 33) . A similar pattern held true between 2DS3 and DQB1*02, probably because of the strong linkage disequilibrium between DR and DQ. On the other hand, there was a clear positive association between 2DS3 and both DRB1*04 and DQB1*0302 in case but not control subjects, perhaps suggesting a causal relationship with disease susceptibility. To evaluate the generality of the 2DS3-HLA association, we analyzed the distribution of 2DS3 in DNA samples from 672 subjects enrolled in the Diabetes Prevention Trial of Type 1 Diabetes (DPT-1) (35) . The positive association between 2DS3 and DQB1*0302 was also observed among 247 case subjects that progressed to diabetes (⌬ ϭ 0.03), but the negative association between 2DS3 and DQB1*02 was not reproduced. 
DISCUSSION
The initial goal of this study was to test whether, as in the mouse models, greater numbers and a higher activity of NK cells were associated with particularly early onset in human patients. This proved not to be the case, but we did uncover a number of NK cell particularities in individuals with type 1 diabetes throughout its course, consistent with the notion that NK cells do play a role in type 1 diabetes progression.
We found no direct relationship between the age of onset and NK cell parameters: no difference in NK numbers, in their subset distribution, in their phenotypic profile, or in the distribution of KIR genes. This lack of correlation was true whether analyzing the patients as a whole or within the recent-onset and long-standing subgroups. However, an important caveat is that this study, per force, only addressed the NK compartment in blood; it remains possible that important differences occur in the pancreas or draining lymph nodes, differences not reflected in the blood. Indeed, the mouse experiments that prompted the current human study focused on NK cell changes in the infiltrate invading the pancreas.
On the other hand, consistent with a role for NK cells in promoting ␤-cell destruction, the onset phase did appear to be marked by NK cell perturbations. Numbers of NK cells were decreased, modestly but significantly. Activation phenotypes were more diverse than those observed in control subjects or patients with established type 1 diabetes, with particularly strong IFN-␥ expression in a subset of individuals. No other characteristics (age, age of onset, or genetic haplotypes) appeared to distinguish these high-IFN-␥ individuals. These observations will need to be confirmed in larger number of patients, but they raise the possibility that perturbations of the NK cell pool may accompany the onset phase of type 1 diabetes.
Unexpectedly, patients with long-standing type 1 diabetes exhibited a reduced activation of NK cells, relative to control subjects or recent-onset patients, that was manifested by reduced expression of the cell surface markers NKp30/p46 and of IFN-␥ and perforin mRNA. These results are compatible with the decreased lytic activity identified by Lorini et al. (24) in NK cells of patients with longstanding type 1 diabetes. This study also found decreased NK activity in patients with recently diagnosed disease; the difference in results between their and our study is likely attributable to the criteria used because Lorini et al. considered recent-onset patients to be those with up to 1 year of disease duration.
The reduced activation of NK cells solely in longstanding type 1 diabetic patients suggests that reduction is a consequence, rather than a cause, of disease. Prolonged hyperglycemia or its consequences could be an underlying mechanism. Although we did not find a correlation between A1C and NK cell status, serial measurements of A1C
were not available to definitely exclude this possibility. One explanation might be impaired secretion of cytokines modulating NK cell function. Interestingly, it was previously suggested that individuals with type 1 diabetes exhibit a deficient production of interleukin-2, a potent NK cell stimulator (35, 36) . On the other hand, serum levels of interleukin-15 and -12, other molecules implicated in NK cell physiology, were found to be elevated in patients with type 1 diabetes (37, 38) . Another potential explanation would be an alteration in the systemic level of ligands that engage activating receptors on NK cells, reducing their expression. A decrease in the synthesis and an increase in the degradation of heparin sulfate proteoglycans in individuals with long-standing diabetes has been reported (39); these molecules are ligands for both NKp46 and NKp30 (40) .
This apparent effect of long-term diabetes may have clinical consequences. Protection against infections and the destruction of neoplastic cells are the most important functions of NK cells. Interestingly, diabetes has been proposed as a risk factor for both infectious diseases and various types of neoplasias (41) (42) (43) (44) . These links may certainly have complex determinism, but the current results suggest that dysfunction of NK cells might be involved.
Another interesting finding was the reduced expression of the activating receptor NKG2D in the NK cells of patients with type 1 diabetes, irrespective of disease duration. Ogasawara et al. (15) have demonstrated a reduction of NKG2D expression in NK cells from NOD mice. Might this shared deficit reflect perturbations in NKG2D ligands in diabetes-prone individuals of both species?
The analysis of a few KIR genes also led to suggestive distinctions between type 1 diabetic patients and control subjects. In general, activating KIR genes borne by B haplotypes were enriched in patients, in particular KIR2DS3 and KIR2DS2, reminiscent of two prior reports concerning 2DS2 (31, 45) , where a KIR-HLA interaction was also detected. Such complex associations with KIR/ HLA combinations have also been suggested for viral or antitumor responses, or in other autoimmune conditions (rev. in 30, 33) . Because KIR products interact primarily with major histocompatibility complex class I molecules, it is likely that the associations of 2DS3 with DR␤ and DQ␤ alleles reflect an association between KIR and major histocompatibility complex class I alleles. Similarly, the 2DS2 and 2DS3 genes belong to an intricate patchwork of KIR haplotypes, and it is likely that any apparent association of a KIR gene with an HLA allele reflects complex interactions with several KIR genes, both inhibitory and activating (30, 33) . Interestingly, some of the same trends were observed in control subjects, suggesting that the underrepresented KIR/HLA combinations may be disfavored independently of diabetes, perhaps through influences of HLA and KIR alleles on feto-maternal interactions or antiviral responses (46, 47) . On the other hand, the KIR/HLA association was only partially reproduced in the DPT-1 cohort. In summary, this study identified several alterations in the NK cell compartment of patients with type 1 diabetes, some involving all type 1 diabetic patients, others more specifically linked to the onset of disease or to long-term dysglycemia. It will be important to confirm these observations with more extensive genetic analysis and independent groups of diabetic patients.
